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RULES OF THE DEPARTMENT OF PLANNING AND PERMITTING
RELATING TO STORM DRAINAGE STANDARDS

81-1 PURPOSE

These Rules address requirements for both storm runoff quantities for flood control as well as
storm runoff quality and reflect the [most] recent changes to Federal, State, and County
requirements related to the quality of storm water discharges. By establishing criteria to address
water quality, the City and County of Honolulu continues its efforts in complying with Federal
Regulatory requirements to control the discharge of pollutants in storm water as specified in the
Clean Water Act as amended by the Water Quality Act of 1987.

These standards are not intended to limit the initiative and resourcefulness [of the engineer] in
developing drainage plans, or be viewed as maximum limits in design criteria. More stringent
criteria should be used where reasonable.

[Eff: June 1, 2013] (Auth: Sec 14-12.31, ROH) (Imp: Sec14-12.31, ROH)



81-2 MODIFICATIONS

A. The Director may modify provisions of these rules whenever:

1. Full conformance to these rules is not achievable because of the size and shape,
location or geological or topographical conditions, or land uses.

2. The project provides for adequate storm water controls to mitigate adverse
downstream impacts related to runoff flows and water quality; complies with
Subdivision Rules and Regulations and the Land Use Ordinance; and covenants or
other legal provisions are provided as needed, to ensure continued conformity to and
achievement of mitigation measures; and

3. The modification is reasonably necessary and not contrary to the intent and purpose
of these rules.

B. Modification requests must be in writing and substantiated by facts presented with the
request.

C. Before granting any modification, the Director may consult with the Departments of
Design and Construction, Environmental Services, Facilities Maintenance, Parks and
Recreation, Transportation Services, Board of Water Supply or any other appropriate
agency for review and recommendation.

[Eff: June 1, 2013] (Auth: Sec 14-12.31, ROH) (Imp: Sec14-12.31, ROH)



§1-3 DEFINITIONS

As used in these Rules, the following definitions shall apply unless the context indicates
otherwise:

“Best Management Practices” or “BMPs” means pollution control measures, applied to nonpoint
sources, on-site or off-site, to control erosion and the transport of sediments and other pollutants,
which have an adverse impact on waters of the state. BMPs may include a schedule of activities,
the prohibition of practices, maintenance procedures, treatment requirements, operating
procedures, and practices to control site runoff, spillage or leaks, or drainage from raw material
storage.

“Biofiltration” means the simultaneous process of filtration, adsorption and biological uptake of
pollutants in stormwater that takes place when shallow-depth runoff flows slowly over and
through vegetated areas.

“City” means the City and County of Honolulu.
“Department” means the Department of Planning and Permitting, City and County of Honolulu.

“Department of Health” or “DOH” means the Clean Water Branch, Department of Health, State
of Hawaii, the water pollution regulatory agency of the state.

“Design Engineer” means a licensed civil engineer in the State of Hawaii.
“Development” means land which is being developed or developed lands.
“Director” means the Director of the Department of Planning and Permitting.

“Disturbed Area” means the area of the project that is expected to undergo any disturbance,
including, but not limited to excavation, grading, clearing, demolition, uprooting of vegetation,
equipment staging, and storage areas. Areas which are cleared, graded, and/or excavated for the
sole purpose of landscape renovation or growing crops are not included in the disturbed area
quantity. This exemption does not extend to the construction of buildings and roads of
agriculture-related operations that disturb one (1) acre or more.

“Engineering Control Facility” means any drainage device such as a basin, well, pond, ditch,
dam, or excavation used for the temporary or permanent storage of storm water by means of
detention, retention, divergence, or infiltration for the purpose of reducing storm water volume
and/or peak storm discharge flows, and which may provide gravity settling of particulate
pollutants. It includes, but is not limited to, detention ponds, retention ponds, infiltration wells or
ditches, holding tanks, diversion ditches or swales, drainpipes, check dams, and debris basins.

“EPA” means United States Environmental Protection Agency.

“Evapotranspiration” means the combined loss of water into the atmosphere by evaporation
(water changing from a liquid to a vapor from soil, water, or plant surfaces) and transpiration
(water that is taken up by plant roots and transpired through plant tissue and leaves).

“Flood” or “flooding” means the inundation to a depth of three inches or more of any property
not ordinarily covered by water. The terms do not apply to inundation caused by tsunami wave
action.



“Impervious Surface” means a surface covering or pavement of a developed parcel of land that
prevents the land’s natural ability to absorb and infiltrate rainfall/storm water.

“Infiltration” means the downward migration of surface water (i.e., runoff) through the planting
soil (if present) and into the surrounding in situ soils and ultimately into groundwater.

“Low Impact Development, or LID” means a storm water management strategy that seeks to
maintain or restore the natural hydrologic character of the site, reduce off-site runoff, improve
water quality, provide groundwater recharge, and mitigate the impacts of increased runoff and
storm water pollution. LID comprises a set of site design approaches and integrated
management techniques that promote the use of natural systems for infiltration,
evapotranspiration, treatment, and use of rainwater.

“Maximum Extent Practicable” or "MEP" means economically achievable measures for the
control of the addition of pollutants from existing and new categories of nonpoint sources of
pollution, which reflect the greatest degree of pollutant reduction achievable through the
application of the best available nonpoint source pollution control practices, technologies,
processes, siting criteria, operating methods or other alternatives.

“National Pollutant Discharge Elimination System permit” or “NPDES permit” means the permit
issued to the City pursuant to Title 40, Code of Federal Regulations, Part 122, Subpart B,
Section 122.26(a) (1) (iii), for storm water discharge from the City’s separate storm sewer
systems; or the permit issued to a person or property owner for a storm water discharge
associated with industrial activity pursuant to Title 40, Code of Federal Regulations, Part 122,
Subpart B, Section 122.26(a) (1) (ii), or other applicable section of Part 122; or the permit issued
to a person or property owner for the discharge of any pollutant from a point source into the state
waters through the City's separate storm sewer system pursuant to Hawaii Administrative Rules,
Chapter 11-55, "Water Pollution Control".

“New Development” means land disturbing activities; structural development, including
construction or installation of a building or structure, the creation of impervious surfaces; and
land subdivision.

“Redevelopment” means development that would create or add impervious surface area on an
already developed site.

“Site Design Strategies” means LID design techniques that are intended to maintain or restore
the site’s hydrologic and hydraulic functions with the intent of minimizing runoff volume and
preserving existing flow paths.

“Source Control BMPs” means low-technology practices designed to prevent pollutants from
contacting storm water runoff or to prevent discharge of contaminated runoff to the storm
drainage system.

"Storm water" means storm water runoff, surface runoff, street wash, or drainage and may
include discharges from fire fighting activities.

“Treatment Control BMPs” means engineered technologies designed to remove pollutants from
storm water runoff prior to discharge to the storm drain system or receiving waters.

[Eff: June 1, 2013] (Auth: Sec 14-12.31, ROH) (Imp: Sec14-12.31, ROH)



§1-4 SECTIONI- STANDARDS FOR FLOOD CONTROL

Standards and regulations for flood control are adopted to protect life and property during intense
storms. Small storms that occur frequently usually do not cause significant property damages or loss
of life, therefore, peak runoff from large storms are regulated for flood control.

The data from 85 U.S. Geological Survey (USGS) stream flow gauges on the Island of Oahu form
the basis for Plate 6, “Design Curves for Peak Discharge vs. Drainage Area”. The rainfall data on
Plates 1 and 2 are from the National Oceanic and Atmospheric Administration (NOAA), National
Weather Service, Silver Spring, Maryland, 2009. Rainfall data on Plates 1, 2 and 6 will be updated
periodically and such updates will automatically be incorporated into these rules when the updates
are adopted by the Department. /Eff: ] (Auth: Sec 14-12.31,ROH) (Imp: Sec 14-12.31. ROH)

R 38 2om
§1-4.1 PART I - HYDROLOGIC CRITERIA

A RECURRENCE INTERVAL

1. For drainage areas of 100 acres or less, Tm (recurrence interval) = 10 years, unless
otherwise specified.

2. For drainage areas of 100 acres or less with sump, or tailwater effect and for the
design of roadway culverts and bridges, Tm (recurrence interval) = 50 years.

3. For drainage areas greater than 100 acres and all streams, design curves based upon
the U.S. Geological Survey data on flood magnitude and frequency, Tm (recurrence

interval) = 100 years.

4. Interim measures for areas where downstream facilities are inadequate shall be
reviewed on a case-by-case basis.

B. RUNOFF QUANTITY
1. For drainage areas of 100 acres or less, the rational method shall be used.
2. For drainage areas greater than 100 acres:

a. Plate 6 titled, "Design Curves for Peak Discharge vs. Drainage Area" should be
used to determine the 100-year peak discharge.

b. Modifications from the Plate 6 peak discharge values may be used if the Design
Engineer can justify more acceptable values and it is approved by the Director.

[Eff: APR g8 2011 ] (Auth: Sec 14-12.31,ROH) (Imp: Sec 14-12.31.ROH)
3. For drainage areas where downstream capacities are inadequate to accommodate

runoff quantity identified above, runoff shall be limited to pre-development
conditions or as specified in the General Conditions.



C.

RATIONAL METHOD

The formula Q = CIA shall be used to determine quantities of flow rate, in which

Q = flow rate in cubic feet per second;
C = runoff coefficient;
I = rainfall intensity in inches per hour for a duration equal to the time
of concentration; and
A = drainage area in acres.
RUNOFF COEFFICIENT

The runoff coefficient shall be determined from Table 1 for agricultural and open
areas and from Table 2 for built-up areas. It shall be based on the ultimate use of the
project drainage area. For distinctive composite drainage areas, a weighted value of
runoff coefficient shall be used.

For interim drainage measures, existing upstream land use conditions may be used
to size interim measures as long as ultimate drainage requirements can be met when
downstream restrictions are removed.

TIME OF CONCENTRATION

a. Determine overland flow time from Plate 3 generally for paved, bare soil and
grassed areas.

b. Determine flow time over small agricultural areas with well-defined divides
and drainage channels from Plate 5.

1) Use upper curve for well-forested areas, representing
Tc =0.0136 K*”7
2) Use lower curve for areas with little or no cover, representing

Tc = 0.0078 K>’

C. In case of uncertainty, check the time of concentration by dividing the
estimated Jongest route of runoff by the appropriate runoff velocity from
Table 3.

RAINFALL INTENSITY

The design rainfall intensity of a drainage area shall be determined by the following
procedure:

a. Select the appropriate 1-hour rainfall value from Plate 1 or Plate 2 for the
design recurrence interval.

6 .



b. Enter Plate 4 with the rainfall intensity duration equal to the required time of
concentration, select the corresponding correction factor, and multiply the 1-
hour rainfall value by the factor to obtain the design rainfall intensity.

HYDROLOGIC STUDIES

Since 1959, the City and County of Honolulu and the U.S. Geological Survey have
participated in a cooperative program for the collection of special stream flow data. This
program included the installation of additional stream gaging stations and crest-stage gages.
With the additional hydrologic data supplementing the data from the existing gaging stations,
it was anticipated that more would be known of the effects of exposure, altitude, basin slope,
basin shape and degree of urbanization on stream runoff on Oahu.

The U.S. Geological Survey developed flood-frequency curves for 74 gaging stations on
Oahu by using the log Pearson Type Il distribution (U.S. Water Resources Council, 1977,
Bulletin 17A). The length of record for the individual stations ranged from 10 to 60 years.
In order to furnish data at ungaged sites, they attempted to regionalize the available data by
the use of multiple-regression techniques. In the study, a regional analysis was made by
using these techniques to relate floodflows to basin and climatic characteristics. The results
are contained in the U.S. Geological Survey Water-Resources Investigations 80-45 Report,
An Analysis of the Magnitude and Frequency of Floods on Oahu, Hawaii, dated June 1980.
The results were subsequently updated.

The U.S. Geological Survey and City have further extended the data to facilitate the
determination of peak discharge values for the design of drainage facilities by developing
Plate 6, Design Curves for Peak Discharge vs. Drainage Area. The curves are based upon
the 100-year recurrence interval data. For clarification, the boundaries between the groups
shown on Plate 6 are as follows:

Group Boundary  Location

Aand B Between Oio Stream and Malaekahana Stream and along
Koolau Range Ridge.
Band C | Between Honouliuli Stream and Waikele Stream, along

Waianae Range Ridge, and between Makaleha Stream and
Kaukonahua Stream.

The rainfall data shown on Plates 1 and 2 have been updated from the Rainfall Frequency
Study for Oahu, Department of Land and Natural Resources, Division of Water and Land
Development, State of Hawaii, dated 1984.



§1-4.2 PART II - DESIGN STANDARDS

A.

GENERAL CONDITIONS

The design and capacity of a drainage system shall be predicated on the following conditions:

1.

On the basis of the runoff resulting from the selected design storm, the system shall
dispose of surface runoff and subsurface water without damage to street facilities,
structures or ground and cause no serious interruption of normal vehicular traffic.

Runoff exceeding the design storm must be disposed of with the least amount of
interruption to normal traffic and minimum amount of damage to surrounding

property.

System must have maximum reliability of operation with minimum maintenance and
upkeep requirements.

System must be adaptable to future expansion, if necessary, with minimum additional
cost.

Where sump conditions exist, a safety measure such as an overflow swale shall be
provided to prevent flooding of adjacent lots in the event the design capacity of the
closed conduit is exceeded. Floor levels of homes adjoining sumps shall be a
minimum of 3 feet above the low point on roadway.

Lots abutting streams and open channels may be graded to drain towards the
waterway.

In general, natural gullies, waterways, streams and tributaries shall not be replaced
with a closed system except at roadway crossings.

Roadway culverts and bridges shall be designed to pass the design flow under open
channel hydraulic analysis with a minimum freeboard as specified in the attached
freeboard chart. Multiple span road crossings shall have minimum clear spans of 30
feet, unless otherwise permitted by the Director. Where possible, the roadway shall
be designed to form a sag vertical curve with a low point at the waterway crossing
with minimum grades to confine and control overflow at the crossing. Whenever the
difference in elevations of the roadway and water surface is such that there could be
a deep fill, the roadway culvert or bridge shall be designed to include available
headroom up to five feet from the water surface to the soffit of the culvert or bridge.
After this headroom requirement is fulfilled, fill material may be used to meet
roadway elevations.

Outlets for enclosed drains emptying into open channels shall be designed to point
downstream at an angle of 45 degrees.



10.

11

12.

13.

Where groundwater is encountered, or may be present during wet weather, subsurface
drains shall be installed wherever recommended by the Design Engineer, or the
Director.

New developments shall provide adequate drainage capacity to accommodate the
offsite design storm entering the development site.

When downstream drainage systems cannot accommodate peak runoff rates from
design storms, runoff rates discharged downstream from new developments will be
limited to predevelopment values unless improvements to the downstream system are
made.

Runoff volume from the design storm shall be limited to predevelopment values
unless it can be shown that the runoff can be safely conveyed through existing or
planned conveyances, the increased volume would not have adverse impacts
downstream, and provided further that the final receiving waters are open coastal
waters.

DESIGN COMPUTATIONS

The following data shall be submitted to the Director by the Design Engineer.

1.

HYDRAULIC DESIGN DATA

a. Computations for runoff, conduit and channel sizes, slopes, losses, hydraulic
gradient and other hydraulic characteristics and information pertinent to the
system. Computations shall be properly arranged and presented in such a
manner that they may be readily checked.

b. The following data shall be shown on the construction plans.

1) Design flow (Q), watershed area (A), roughness coefficient (n), and
velocity (v), for all conduits and channels.

2) Hydraulic grade lines, including water surface elevation at each
manhole and catch basin.

3) Building setback lines, where required.
4) Floodway/flood fringe boundary, as applicable.
c. When interim drainage measures are required due to restrictions in the

downstream drainage systems, the following additional data shall also be
provided:



1) Runoff rate using the design storm for existing upstream land use
conditions.

2) Runoff volume using the design storm for existing upstream land use
conditions. '

3) Detention volume and discharge rate.

4) If necessary, capacity of downstream drainage systems.

2. STRUCTURAL DESIGN DATA

a. Structural design computations for all drainage structures other than pipes
used within the limits of current loading tables and structures shown in the
“Standard Details for Public Works Construction” for the City and County

of Honolulu.
b. Information pertinent to the design, such as boring data, soils report, etc.
c. Upon the completion of construction of major structures, submit pertinent

data such as pile driving logs, pile tip elevations, etc.

CLOSED CONDUITS
1. SIZES AND GRADIENTS
a. The size and gradient will be determined by the Mannihg Formula:

Q = A 1.486 R*®s'?

n
Q = flow, incfs
A = area,insq. ft.
R = hydraulic radius in ft.
S = slope, in ft./ft.
n = roughness coefficient (Manning)
Charts enabling direct solution of Manning formula are found on Plates 8 to
16.
b. The following limitations apply -
1) Minimum size pipe: 18 inches inside diameter
2) Minimum velocity: 2-1/2 feet per second

10



3).

Pipe sizes should not decrease in the direction of the flow.

2. MATERIALS AND "n" VALUES

The following pipes are acceptable for storm drain construction together with the
roughness coefficient to be used in the solution of the Manning Formula.

Materials ‘ n
CoNCrete ...... covvvveer cevviieies ceere reaeeee 0.013
CastIron ...... covevviee et e e, 0.013
Corrugated metal pipe (CMP) *
Unpaved...... .ccoooecit vvvvveees ceveennn. 0.024
25% paved invert.... .....c.... ..o 0.021
Lower 50% paved.. .......... .cceeeee. 0.018
100% paved .......... coceveeees ceeeens 0.013

High Density Polyethylene (HDPE) *...... 0.015

*Use of CMP or HDPE shall be permitted only when specifically approved for an
installation by the Director in writing.

3. LOADING

a. Reinforced Concrete Pipes: Reinforced concrete pipes shall be constructed
to American Society for Testing and Materials (ASTM) Specifications.

1)

3)

4)

Minimum pipe cover in roadways, driveways and other areas with

- vehicular traffic shall be two feet.

Should there be a need for a pipe cover of less than 2 feet or should
the design or construction method deviate from the Standards of the
Department of Planning and Permitting, City and County of
Honolulu, the Design Engineer shall submit a structural design for
review and approval. The decision to allow such design will be made
by the Director.

Minimum pipe cover in easement areas without vehicular traffic shall
be - 0".

Maximum permissible pipe cover will be determined from current
loading tables in pipe handbooks for the respective pipes, using 120
Ibs. per cu. ft. as the weight of earth.

All pipes shall be installed using a first class bedding trench
condition. Proper foundations shall be provided for pipes. Pipes on
unstable ground or fresh fill shall be supported by a method
acceptable to the Director.

11



5) Drain pipes installed along the longitudinal axis of the roadway shall
be located in the pavement area between curbs.

b. Other Closed Conduits. There shall be no minimum cover or maximum
permissible depth requirements for closed conduits other than pipes except
that such structures, shall be designed to support all loads that it shall be
subjected to.

4. MANHOLES AND INLETS
a. Manholes:

D Location. Manholes shall be located at all changes in pipe size and
changes in alignment or grade and at all junction points.

2) Spacing. Maximum manhole spacing shall be 250 feet for pipes 36
inches or less in diameter, or box drains with the smallest dimension
less than 36 inches. Maximum manhole spacing for larger pipes and
box drains shall be 500 feet.

3) Special Details. Bottoms of manholes and inlets serving as manholes
shall be shaped to channelize flow and sloped with slope of pipe as
shown in the "Standard Details" of the Department of Planning and
Permitting, City and County of Honolulu.

b. Inlets (Catch Basins):

9] Locatlon Inlets shall be located at the upstream side of i 1ntersect10ns
in sumps and where required by quantity of flow.

2) Spacing. Maximum spacing shall be 500 feet.
3) Types. For gutter grades up to 4 percent, standard 10-foot curb inlets

with a depressed gutter shall be used. For grades 4 percent and
greater, 10-foot long deflector inlets shall be used.

4) Capacity. Inlet capacities as follows, are acceptable:

Type Gutter Grade cfs

a. Std. depressed 0.4% 6

gutter inlet 4.0% 4

sump 10
b. Deflector inlet 4.0% 4.5
12.0% 55

Greater than 12.0% - 6max
12






FIGURE 7: VEGETATED BIO-FILTER DETAILS

C.2 Drainage Area 2

The 0.29 acres of runoff from Drainage Area 2 may not be retained because there is not enough
space to meet the building setback criterion (20 feet). It may be biofiltered with either a
vegetated swale (see Figure 8) or vegetated bio-filter (see Figure 9). The sizing of the BMPs is
accomplished using the City’s BMP sizing worksheets, which are consistent with the Step-by-
Step Sizing Procedure provided in the BMP Guide.

Vegetated Swale. The BMP sizing worksheet is presented in Figure 10, and the calculations
are summarized as follows:

1. Water Quality Flow Rate (WQF). Assuming a weighted runoff coefficient of 0.50, and
using a rainfall intensity of 0.4 in/hr, the WQF is calculated to be 0.058 cfs.

2. Swale geometry. The bottom width, depth of flow, side slope, longitudinal slope, and
Manning’s roughness coefficient are set to 3 feet (to minimize the length), 1.25 inches,
3:1, 2%, and 0.20, respectively.

3. Swale hydraulic capacity. The cross sectional area, wetted perimeter, and hydraulic
radius are calculated to be 0.35 sq-ft, 3.66 ft, and 0.09 ft, respectively. The design flow
rate is calculated to be 0.075 cfs, which is equal to or greater than the WQF.

4. Design flow velocity. The design flow velocity is calculated to be 0.22 feet per second,
which is less than the maximum allowed velocity of 1 foot per second.

5. Swale length. Using a hydraulic residence time of 7 minutes, the swale length is
calculated to be 92 feet.

6. BMP area requirements. Using 6 inches of freeboard, the required total surface area is
calculated to be 607 sq-ft. At 92 feet long, this equates to a top width of 6.6 feet.

BMP details are presented in Figure 11.
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Vegetated Swale Design Parameters

Weighted Runoff Coefficient 50%
Rainfall Intensity 0.4in/hr
Manning’s Roughness Coeff. 0.20
Hydraulic Residence Time 7 min

FIGURE 8: BMP LAYOUT 1, DRAINAGE AREA 2
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Vegetated Bio-Filter Design Parameters
Design Storm Depth lin
Planting Media Thickness 2 ft
Maximum Ponding Depth 4in
Filter Bed Drain Time 48 hrs

FIGURE 9: BMP LAYOUT 2, DRAINAGE AREA 2

December 2012
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1. Water Quality Flow Rate

a. BMP Tributary Drainage Area, A 0.29 ac
b. Weighted Runoff Coefficient, C 0.5

c. Rainfall Intensity, i 0.4 in/hr
d. Water Quality Flow Rate, WQF 0.058 cfs

2. Swale Geometry

a. Bottom Width, b (10.0 ft max) 3.00 ft
b. Flow Depth, y (4.0 in max) 1.25 in
c. Side Slopes (length per unit height), z (3.0 max) 3 ft/ft
d. Longitudinal Slope, s 20 %
e. Manning's Roughness Coefficient, n 0.20

3. Swale Hydraulic Capacity

a. Cross-sectional Area @ Flow Depth, A 0.35 sg-ft
b. Wetted Perimeter, WP 3.66 ft

¢. Hydraulic Radius, R 0.09 ft

d. Calculated Flow Rate, Q 0.075 cfs

4. Design Flow Velocity
a. Design Flow Velocity, V (1.0 fps max) 0.22 fps

5. Swale Length
a. Hydraulic Residence Time, T (7.0 min) 7 min

b. Minimum Length, L 92 ft

6. BMP Area Requirements
a. Freeboard, f (6 min) 6 in

b. Embankment Top Surface Area, Agmp 607 sg-ft

FIGURE 10: VEGETATED SWALE SIZING WORKSHEET (DA 2)
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FIGURE 11: VEGETATED SWALE DETAILS

Vegetated Bio-Filter. The BMP sizing worksheet is presented in Figure 12, and the
calculations are summarized as follows:

1. Water Quality Volume (WQV). Assuming 50% impervious cover, and using a 1-inch
design storm depth, the WQV is calculated to be 526 cubic feet.

2. Design depths. For constructability and consistency, the planting media depth and
maximum ponding depth used for Drainage Area 1 are used here.

3. Filter bed surface area. Using the same parameters as those presented for Drainage
Area 1, the required filter bed surface area is calculated to be 243 square feet.

4. Filter bed dimensions. The width and length of the filter bed are set to 5 feet and 49
feet, respectively, which are based on available space and drainage area
characteristics.
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5. Total Area. Using an embankment side slope of 3:1 and 3 inches of freeboard, the
top width, top length, and total BMP area are calculated to be 8.5 feet, 52.1 feet, and
443 square feet, respectively.

BMP details are presented in Figure 7.

1. Water Quality Volume

a. BMP Tributary Drainage Area, A 0.29 ac

b. % Impenious Area, | 50 %

c. Water Quality Design Storm Depth, P 1.0 in

d. Volumetric Runoff Coefficient, C 0.5

e. Water Quality Volume, WQV 526 cu-ft
2. Filter Bed Surface Area

a. Planting Media Depth, I, (2.0 - 5.0 ft) 2.0 ft

b. Maximum Ponding Depth, d, (12 in) 4.0 in

c. Planting Media Coefficient of Permeability, k 1 ft/day

d. Filter Bed Drain Time, t 48 hrs

e. Filter Bed Surface Area, Agwp 243 sq-ft
3. BMP Area

a. Side Slopes (length per unit height), z 3

b. Freeboard, f 0.25 ft

c. Filter Bed Width, wy, 5.0 ft

d. Filter Bed Length, Iy d 49 ft

e. Top Width, w, i 85 ft

f. Top Length, I, i 52.1 ft

g. Min. Top Surface Area excluding pretreatment, Agvp g 443 sq-ft

FIGURE 12: VEGETATED BIO-FILTER SIZING WORKSHEET (DA 2)
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C.3 Drainage Area 3

The 1.17 acres of runoff from Drainage Area 3 may be retained with an infiltration basin if
retention is feasible (See Figure 13), or biofiltered with a vegetated bio-filter (see Figure 14).
The sizing of both BMPs is accomplished using the City’s BMP sizing worksheets, which are
consistent with the Step-by-Step Sizing Procedure provided in the BMP Guide.

Infiltration Basin. The BMP sizing worksheet is presented in Figure 15, and the calculations

are summarized as follows:

1.

Water Quality Volume (WQV). Assuming 75% impervious cover, and using a 1-inch
design storm depth, the WQV is calculated to be 3,079 cubic feet.

Maximum allowable storage depth. Using the same parameters as those presented for
Drainage Area 1, the maximum allowable storage depth is calculated to be 3.0 feet.

Design storage depth. The ponding depth is set to 3 feet, which is equal to or less than
the maximum allowable storage depth.

Basin invert footprint. Using a basin fill time of 2 hours (industry accepted practice), the
required invert surface area is calculated to be 985 square feet.

BMP area requirements. Based on available space, the invert width is set to 10 feet, and
the invert length is calculated to be 98.5 feet. Using a side slope of 3:1 and a freeboard
depth of 1 foot (actual free board requirements must be determined for flood design
storm), the top width and top length are calculated to be 34 feet and 122.53 feet,
respectively. The total footprint is calculated to be 4,166 square feet.

BMP details are presented in Figure 16.

Vegetated Bio-Filter. The BMP sizing worksheet is presented in Figure 17, and the

calculations are summarized as follows:

1. Water Quality Volume (WQV). The WQV is the same as that given above for the
infiltration basin (3,079 cubic feet).

2. Design depths. For constructability and consistency, the planting media depth and
maximum ponding depth used for Drainage Area 1 are used here.

3. Filter bed surface area. Using the same parameters as those presented for Drainage
Area 1, the required filter bed surface area is calculated to be 1,421 square feet.

4. Filter bed dimensions. Based on available space, the invert width is set to 20 feet,
and the invert length is calculated to be 71 feet.

5. Total Area. Using an embankment side slope of 3:1 and 3 inches of freeboard, the
top dimensions are calculated to be 24 feet by 75 feet, and the total BMP area is
calculated to be 1,752 square feet.

BMP details are presented in Figure 7.
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December 2012

Infiltration Basin Design Parameters

Design Storm Depth lin
Infiltration Rate 1.5in/hr
Infiltration Rate Safety Factor 2
Drawdown Time 48 hrs
Basin Fill Time 2 hrs

34

FIGURE 13: BMP LAYOUT 1, DRAINAGE AREA 3
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Vegetated Bio-Filter Design Parameters

Design Storm Depth lin
Planting Media Thickness 2 ft
Maximum Ponding Depth 4in
Filter Bed Drain Time 48 hrs

FIGURE 14: BMP LAYOUT 2, DRAINAGE AREA 3
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1. Water Quality Volume

a. BMP Tributary Drainage Area, A 1.17 ac
b. % Impenious Area, | 5 %
c. Water Quality Design Storm Depth, P 1.0 in
d. Volumetric Runoff Coefficient, C i 0.725

e. Water Quality Volume, WQV i 3,079 cu-ft

2. Maximum Storage Depth

a. Soil Infiltration Rate, k (0.5 min) 1.5 in/hr
b. Infiltration Rate Safety Factor (2 - 5), Fs 2

c. Drawdown Time, t 48 hrs
d. Max. Storage Depth, dmax i 3.0 ft

3. Design Storage Depth
a. Ponding Depth, d, 3.00 ft

4. Basin Invert Footprint
b. Resenwir Fill Time, T 2 hrs

c. Min. Bottom Surface Area, A, 985 sg-ft

5. BMP Area Requirements

a. Side Slopes (length per unit height), z (3.0 min) 3

b. Freeboard, f (1.0 min) 1 ft

c. Invert Width, wg 10.0 ft

d. Inwvert Length, Iy i 98.5 ft

e. Top Width, w " 3400 ft

f. Top Length, I; i 122.53 ft

g. Min. Top Surface Area excluding pretreatment, Agvp i 4,166 sg-ft

FIGURE 15: INFILTRATION BASIN SIZING WORK SHEET (DA 3)

December 2012 36



SIN TS

41408 AN Nived
L AT o )

>N 5 7

PN .D.ﬂ“&ﬂl\ *

hw e —
0'le) AATIGS
I0VE9 HSINI4 AN
F—— NISVE NOLLVALLTAN
V=V NOILO3S

_ _ WHO0IS N9ISIA WON4

X _ 2 _ | MOT4 MV3d HL JIONVH

v e ATALVNO3Y NYO WALSAS

3l . og=dp MOTINIA0 IVHL FUNSN3

Iml +0'b=—"11 J0N34 OL SO3IN ¥3INION3 :LONs

~——YNTTNIVHO

SIN IVOS

||||||||| |ﬂ_._zn_ ﬁ
4 AYMTIIAS

AN NIV WOTREAO 4T —— NGRS o
_XIXIXI\viIXIXIXIXIX.lXIXIXIX_
T )
N { _
ﬁ\ﬁ \7‘7‘9\7\1\7\7\1.9\1.?\’\7»\1\7\1\7\7\?\7.9\15\7\7-7\79 ﬂ
4# A JQH/ +~ 4 \Hﬂ K A + 4 + 4 4 4 ﬁx
LA AL
Em R X XX X — K X — X — X— K— X — X — X —
NISYE NOWVMLTINI 0L X 586 -

37

FIGURE 16: INFILTRATION BASIN DETAILS
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1. Water Quality Volume

a. BMP Tributary Drainage Area, A 1.17 ac

b. % Impenious Area, | 5 %

c. Water Quality Design Storm Depth, P 1.0 in

d. Volumetric Runoff Coefficient, C 0.725

e. Water Quality Volume, WQV 3,079 cu-ft
2. Filter Bed Surface Area

a. Planting Media Depth, I, (2.0 - 5.0 ft) 2.0 ft

b. Maximum Ponding Depth, d, (12 in) 4.0 in

c. Planting Media Coefficient of Permeability, k 1 ft/day

d. Filter Bed Drain Time, t 48 hrs

e. Filter Bed Surface Area, Agvp 1,421 sg-ft
3. BMP Area

a. Side Slopes (length per unit height), z 3

b. Freeboard, f 0.25 ft

c. Filter Bed Width, wy, 20 ft

d. Filter Bed Length, Iy " 7106 ft

e. Top Width, w, " 2350 ft

f. Top Length, I; i 74.56 ft

g. Min. Top Surface Area excluding pretreatment, Agvp i 1,752 sg-ft

FIGURE 17: VEGETATED BIO-FILTER SIZING WORKSHEET (DA 3)

D. ALTERNATIVE COMPLIANCE

If LID Retention and LID Biofiltration are determined to be infeasible, alternative compliance
would be required. Options include treating the runoff with Other Treatment Control BMPs
identified in the BMP Guide (detention basin, manufactured treatment device, sand filter, etc.).
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EXAMPLE 3. 0.74 ACRE COMMERCIAL DEVELOPMENT

A restaurant is being constructed on a 0.74-acre site. The layout is presented in Figure 1, and
includes more than 10,000 square feet of impervious surface.

[ ] Building
B Dumpster

[ ] Landscaped Area

FIGUREI: EXAMPLE 3 DEVELOPMENT PLAN

The project meets the criteria of a Priority B new development project and requires the
preparation of a Storm Water Quality Checklist (SWQC). As specified in Section B.6 of §1-5.1
Part I, water quality criteria shall be achieved by considering LID Site Design and implementing
appropriate Source Control. Each of these elements is presented below.

A. LID SITE DESIGN

All'5 LID Site Design Strategies specified in the City and County of Honolulu Sorm Water BMP
Guide (BMP Guide) were considered. The strategy “Direct Runoff to Landscaped Areas” will be
implemented by directing all pavement runoff to the surrounding landscaped areas, and directing
roof runoff to the adjacent landscaped area using roof drains. Details are shown in Figure 2.
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B. SOURCE CONTROL

The BMP Guide identifies 12 Source Control BMPs for new development and redevelopment
projects. The following ones will be implemented:

e Automatic Irrigation Systems

e Irrigation system will be designed to each landscape area’s specific water
requirements.

e Irrigation system will be designed to minimize the runoff of excess irrigation water
into the storm water drainage system.

e Plants with similar water requirements will be grouped together in order to reduce
excess irrigation runoff and promote surface filtration.

e Storm Drain Inlets

e All storm drain inlets and catch basins within the project area will be stenciled with
appropriate signage.

e Outdoor Trash Storage
e Dumpster area will be graded towards vegetated/landscaped area.

e Drip pans will be placed underneath dumpster to reduce/prevent leaking of liquid
wastes.

e Dumpster with attached lids will be used to prevent rainfall from entering container.
e Dumpster area will be paved with an impervious surface to mitigate spills.

e Signs will be posted indicating that hazardous material are not to be disposed of
therein.

e Parking Areas
e Pavement runoff will be directed towards vegetated/landscaped areas.

Details are shown in Figure 2.
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LID Site Design

—==- Roof Drain
s~~~ Direction of Runoff

Source Control

B Outdoor Dumpster
B Stenciled Drain Inlet

FIGURE2: LID SITE DESIGN AND SOURCE CONTROL PLAN
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Appendix E

A Sample of CDS Unit Operation and
Maintenance Guideline



OPERATIONS AND MAINTENANCE GUIDELINES

CDS Stormwater Treatment Unit

INTRODUCTION

The CDS unit is an important and effective component of your storm water management
program and proper operation and maintenance of the unit are essential to demonstrate
your compliance with local, state and federal water pollution control requirements.

The CDS technology features a patented non-blocking, indirect screening technique
developed in Australia to treat water runoff. The unit is highly effective in the capture of
suspended solids, fine sands and larger particles. Because of its non-blocking
screening capacity, the CDS unit is un-matched in its ability to capture and retain gross
pollutants such as trash and debris. In short, CDS units capture a very wide range of
organic and in-organic solids and pollutants that typically result in tons of captured
solids each year such as: Total suspended solids ( TSS) and other sedimentitious
materials, oil and greases, trash, and other debris (including floatables, neutrally
buoyant, and negatively buoyant debris). These pollutants will be captured even under
very high flow rate conditions.

CDS units are equipped with conventional oil baffles to capture and retain oil and
grease. Laboratory evaluations show that the CDS units are capable of capturing up to
70% of the free oil and grease from storm water. CDS units can also accommodate the
addition of oil sorbents within their separation chambers. The addition of the oil
sorbents can ensure the permanent removal of 80% to 90% of the free oil and grease
from the storm water runoff.

OPERATIONS

The CDS unit is a non-mechanical self-operating system and will function any time there
is flow in the storm drainage system. The unit will continue to effectively capture
pollutants in flows up to the design capacity even during extreme rainfall events when
the design capacity may be exceeded. Pollutants captured in the CDS unit’s separation
chamber and sump will be retained even when the units design capacity is exceeded.

CDS UNIT INSPECTION

Access to the CDS unit is typically achieved through two manhole access covers — one
allows inspection (and clean out) of the separation chamber (screen/cylinder) & sump
and another allows ins pection (and cleanout) of sediment captured and retained behind
the screen.

The unit should be periodically inspected to determine the amount of accumulated
pollutants and to ensure that the cleanout frequency is adequate to handle the predicted
pollutant load being processed by the CDS unit. The unit should be periodically
inspected for indications of vector infestation, as well. The recommended cleanout of



solids within the CDS unit’s sump should occur at 75% to 85% of the sump capacity.
However, the sump may be completely full with no impact to the CDS unit's
performance.

CONTECH Stormwater Solutions (previously CDS Technologies) recommends the
following inspection guidelines: For new initial operation, check the condition of the unit
after every runoff event for the first 30 days. For ongoing operations, the unit should be
inspected after the first six inches of rainfall at the beginning of the rainfall season and
at approximately 30-day intervals. The visual inspection should ascertain that the unit is
functioning properly (no blockages or obstructions to inlet and/or separation screen),
evidence of vector infestation, and to measure the am ount of solid materials that have
accumulated in the sump, fine sediment accumulated behind the screen, and floating
trash and debris in the separation chamber. This can be done with a calibrated dipstick,
tape measure or other measuring instrument so that the depth of deposition in the sump
can be tracked.

CDS UNIT CLEANOUT

The frequency of cleaning the CDS unit will depend upon the generation of trash and
debris and sediments in your application. Cleanout and preventive maintenance
schedules will be determined based on operating experience unless precise pollutant
loadings have been determined.

Access to the CDS unit is typically achieved through two manhole access covers — one
allows cleanout of the separation chamber (screen/cylinder) & sump and another allows
cleanout of sediment captured and retained behind the screen. For units possessing a
sizable depth below grade (depth to pipe), a single manhole access point would allow
both sump cleanout and access behind the screen.

CONTECH Stormwater Solutions Recommends The Following:

NEW INSTALLATIONS: Check the condition of the unit after every runoff event
for the first 30 days. The visual inspection should ascertain that the unit is
functioning properly (no blockages or obstructions to inlet and/or separation
screen), measuring the amount of solid materials that have accumulated in the
sump, the amount of fine sediment accumulated behind the screen, and
determining the amount of floating trash and debris in the separation chamber.
This can be done with a calibrated “dip stick” so that the depth of deposition can
be tracked. Refer to the “Cleanout Schematic” (Appendix B) for allowable
deposition depths and critical distances. Schedules for inspections and cleanout
should be based on storm events and pollutant accumulation.

ONGOING OPERATION: During the rainfall season, the unit should be
inspected at least once every 30 days. T he floatables should be removed and
the sump cleaned when the sump is 75-85% full. If floatables accumulate more
rapidly than the settleable solids, the floatables should be removed using a
vactor truck or dip net before the layer thickness exceeds approximately one foot.

Cleanout of the CDS unit at the end of a rainfall season is recommended
because of the nature of pollutants collected and the potential for odor generation



from the decomposition of ma terial collected and retai ned. This end of season
cleanout will assist in preventing the dischar ge of pore water from the CDS © unit
during summer months.

USE OF SORBENTS —The addition of sorbents is not a requirement for CDS
units to effectively control oil and grease from storm water. The conventional oil
baffle within a unit assures satisfactory oil and grease removal. However, the
addition of sorbents is a unique enhancement capability unique to CDS units,
enabling increased oil and grease capture efficiencies beyond that obtainable by
conventional oil baffle systems.

Under normal operations, CDS units will provide effluent concentrations of oil and
grease that are less than 15 parts per million (ppm) for all dry weather spills
where the volume is less than or equal to the spill capture volume of the CDS
unit. During wet weat her flows, the oil baffle system can be expected to remove
between 40 and 70% of the free oil and grease from the storm water runoff.

CONTECH Stormwater Solutions only recommends the addition of sorbents to
the separation chamber if there are specific land use activities in the catchment
watershed that could produce exceptionally large concentrations of oil and
grease in the runoff, concentration levels well above typical amounts. If site
evaluations merit an increased control of free oil and grease then oil sorbents
can be added to the CDS unit to thoroughly address these particular pollutants of
concern.

Recommended Oil Sorbents

Rubberizer® Particulate 8-4 mesh or OARS ™ Particulate for Filtration, HPT4100
or equal. Rubberizer is supplied by Haz-Mat Response Technologies, Inc.

4626 Sant a Fe Street, San Diego, CA 92109 (800) 542-3036. OARS is
supplied by AbTech Industries, 4110 N. Scottsdale Road, Suite 235, Scottsdale,
AZ 85251 (800) 545-8999.

The amount of sorbent to be added to the CDS separation chamber can be
determined if sufficient information is known about the concentration of oil and
grease in the runoff. Frequent ly the actual concentrati ons of oil and grease are
too variable and the amount to be added and frequency of cleaning will be
determined by periodic observation of the sorbent. As an initial application, CDS
recommends that approximately 4 to 8 pounds of sorbent material be added to
the separation chamber of the CDS units per acre of parking lot or road surface
per year. Typically this amount of sorbent results in a 7z inch to one (1”) inch
depth of sorbent material on the liquid surface of the separation chamber. The
oil and grease loading of the sorbent material should be observed after major
storm events. Oil Sorbent material may also be furnished in pillow or boom
configurations.

The sorbent material should be replaced when it is fully discolore d by skim ming
the sorbent from the surface. The sorbent may require disposal as a spec ial or
hazardous waste, but will depend on local and state regulatory requirements.



CLEANOUT AND DISPOSAL

A vactor truck is recommended for cleanout of the CDS unit and can be easily
accomplished in less than 30-40 minutes fo r most installations. Standard vactor
operations should be employed in the cleanout of the CDS unit. Disposal of
material from the CDS unit should be in accordance with the local municipalit y’'s
requirements. Disposal of the decant material to a POTW is recommended.
Field decanting to th e storm drainage system is not recommended. Solids can
be disposed of in a similar fashion as those materials collected from street
sweeping operations and catch-basin cleanouts.

MAINTENANCE

The CDS unit should be pumped down at least once a year and a thorough inspection
of the separation chamber (inlet/cylinder and separation screen) and oil baffle
performed. The unit’s inter nal components should not show any signs of damage or
any loosening of the bolts used to fasten the various components to the manhole
structure and to each other. Ideally, the screen should be power washed for the
inspection. If any of the internal components is damaged or if any fasteners appear to
be damaged or missing, please contact CONTECH at 800.338.2211 to make
arrangements to have the damaged items repaired or replaced.

The screen assembly is fabricated from Type 316 stainless steel and fastened with
Type 316 stainless steel fasteners that are easily removed and/or replaced with
conventional hand tools. The damaged screen assembly should be replaced with the
new screen assembly placed in the same orientation as the one that was removed.

CONFINED SPACE

The CDS unit is a confined space environ ment and only properly trained personn el
possessing the neces sary safety equipment s hould enter the unit to perform particular
maintenance and/or inspection activities beyond normal procedure. Inspections of the
internal components can, in most cases, be accomplished by observations from the
ground surface.

VECTOR CONTROL

Most CDS units do not readily facilitate vector infestation. However, for CDS units that
may experience extended periods of non-operation (stagnant flow conditions for more
than approximately one week) ther e may be the potential for vector infestation. In the
event that these conditions exist, the CDS unit may be designed to minimize potential
vector habitation through the use of physical barriers (such as seals, plugs and/or
netting) to seal out potential vectors. The CDS unit may also be configured to allow
drain-down under favorable soil conditions where infiltration of storm water runoff is
permissible. For standard CDS units that show evidence of mosquito infestation, the



application of larvicide is one control strategy that is recommended. Typical larvicide
applications are as follows:

SOLID B.t.i. LARVICIDE: 7 to 1 briquet (typically treats 50-100 sq. ft.) one time
per month (30-days) or as directed by manufacturer.

SOLID METHOPRENE LARVICIDE (not recommended for some locations): %
to 1 briquet (typically treats 50-100 sq. ft.) one time per month (30-days) to once
every 4-' to 5-months (150-days) or as directed by manufacturer.

RECORDS OF OPERATION AND MAINTENANCE

CONTECH Stormwater Solutions recomme nds that the owner m aintain annual records
of the operation and maintenance of the CDS unit to document the effective
maintenance of this import ant component of your storm water management program.
The attached Annual Record of Operations and Maintenance form (see Appendix
A) is suggested and should be retained for a minimum period of three years.



APPENDIX A
ANNUAL RECORDS OF
OPERATIONS & MAINTENANCE
AND INSPECTION CHECKLISTS



OWNER
ADDRESS
OWNER REPRESENTATIVE

INSTALLATION:
MODEL DESIGNATION

ANNUAL RECORD OF

OPERATION AND MAINTENANCE

SITE LOCATION

INSPECTIONS:

PHONE

DATE

DATE/
INSPECTOR

SCREEN/INLET
INTEGRITY

FLOATABLES
DEPTH

DEPTHTO
SEDIMENT
(inches)

SEDIMENT
VOLUME*
(CUYDS)

SORBENT
DISCOLORATION

DEPTH FROM COVER TO BOTTOM OF SUMP (SUMP INVERT)
DEPTH FROM COVER TO SUMP @ 75% FULL
VOLUME OF SUMP @ 75% FULL=__ |
VOLUME/INCH DEPTH
VOLUME/FOOT DEPTH

CUYD
CUFT/IN OF SUMP
CUYD/FT OF SUMP

*Calculate Sediment Volume = (Depth to Sump Invert — Depth to
Sediment)*(Volumelinch)
OBSERVATIONS OF FUNCTION:

CLEANOUT:

DATE VOLUME VOLUME METHOD OF DISPOSAL OF FLOATABLES, SEDIMENTS, DECANT
FLOATABLES | SEDIMENTS AND SORBENTS

OBSERVATIONS:

SCREEN MAINTENANCE:
DATE OF POWER WASHING, INSPECTION AND OBSERVATIONS:

CERTIFICATION:

TITLE:

DATE:




INSPECTION CHECKLIST
1. During the rainfall season, inspect and check condition of unit at east
once every 30 days

2. Ascertain that the unit is funcioning properly (no blockages or
obstructions to inlet and/or separation screen)

3. Measure amount of solid material s that have accumulated in the
sump (Unit should be cleaned when the sump is 75-85% full)

4. Measure amount of fine sediment accumulated behind the screen
5. Measure amount of floating trash and debris in the separation
chamber
MAINTENANCE CHECKLIST
1. Cleanout unit at the end and beginning of the rainfall season

2. Pump down unit (at least once a year) and thoroughly inspect
separation chamber, separation screen and oil baffle

3. No visible signs of damage or loosening of bolts to internal
components observed *

* If there is any damage to the internal components or
any fasteners are damaged or missing please contact
CONTECH (800.338.1122).






